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Abstract 
5LVLQJGHPDQGIRUILEUHUHLQIRUFHGSRO\PHUFRPSRVLWHPDWHULDODQGHQYLURQPHQWDOLVVXHVQHFHVVLWDWHVUHVRXUFHHIILFLHQWXVHRIPDQXIDFWXULQJ
DQGHQGRIOLIHFRPSRVLWHZDVWH7KHLPSDFWRIVXFKVXVWDLQDELOLW\RUUHF\FOLQJLQLWLDWLYHVFDQEHOLPLWHGDQGPLVJXLGHGLIWKHJOREDOQDWLRQDO
SLFWXUH LV QRW WKRURXJKO\ FRQVLGHUHG 7KLV SUREOHP LV DGGUHVVHG LQ WKLV SDSHUZLWK WKH DLG RI QHZ 6DQNH\ GLDJUDPV JHQHUDWHG IURP YLUJLQ
PDWHULDODQGZDVWHYROXPHVLQWKH8.(QYLURQPHQWDOIRRWSULQWVRIYLUJLQPDWHULDODQGUHF\FOLQJZHUHXVHGWRH[SORUHWKHUHVRXUFHEHQHILWVRI
FRPSRVLWHUHPDQXIDFWXULQJ7KHXVHRI6DQNH\GLDJUDPVHQDEOHVEHWWHUGHFLVLRQPDNLQJZLWKUHVSHFWWRWDUJHWLQJVXVWDLQDELOLW\HIIRUW

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKH&RQIHUHQFH³QG&,53FRQIHUHQFHRQ/LIH&\FOH
(QJLQHHULQJ
.H\ZRUGV6DQNH\GLDJUDPVILEUHUHLQIRUFHGFRPSRVLWHVUHF\FOLQJHQHUJ\IRRWSULQWUHVRXUFHHIILFLHQF\
1. Introduction 
&RPSRVLWHV KDYH KLJK VSHFLILF VWUHQJWK JRRG IDWLJXH DQG
FRUURVLRQUHVLVWDQFH>@DQGEHFDXVHRIWKHVHSURSHUWLHVPDQ\
LQGXVWULDO VHFWRUV DUH XWLOLVLQJ FRPSRVLWHV DQG V\VWHPDWLFDOO\
UHSODFLQJ PHWDOV $ SULPH H[DPSOH RI WKLV LV LQ DLUFUDIW
SURGXFWLRQZKHUHDSSUR[LPDWHO\RIWKHZHLJKWRIWKHQHZ
$LUEXV$DQG%RHLQJFRQVLVWVRIFRPSRVLWH>@
(UQVW 	 <RXQJ HVWLPDWHG WKH 8QLWHG .LQJGRP 8.
PDUNHWYDOXH IRUFDUERQILEUHUHLQIRUFHGFRPSRVLWHDQGJODVV
ILEUHUHLQIRUFHGFRPSRVLWHLQZDVPLOOLRQDQG
PLOOLRQ UHVSHFWLYHO\ >@ 7KH TXDQWLW\ RI WKH FRPSRVLWH ZDV
DURXQG  WRQQHV DQG  WRQQHV UHVSHFWLYHO\ :LWK
PDUNHWGHPDQGH[SHFWHGWRLQFUHDVHHYHQIXUWKHULQWKHIXWXUH
PRUHZDVWHZLOOEHJHQHUDWHGLQSURGXFWLRQDQGLQHQGRIOLIH
(2/ SURGXFWV )RU H[DPSOH DURXQG  WR 
FRPPHUFLDO SODQHV DUH H[SHFWHG WR UHDFK HQG RI OLIH LQ86$
DQG(XURSH LQ WKH \HDU ZLWK HDFK DHURSODQH FRQWDLQLQJ
DURXQGWRQQHVRIFDUERQILEUHUHLQIRUFHGFRPSRVLWH&)53
PDWHULDO>@
&XUUHQWO\ WKH PDLQ GLVSRVDO URXWH IRU FRPSRVLWH ZDVWH LV
WKURXJKODQGILOO>@,QLQWKH8.WKHVHZHUHHVWLPDWHG
WR DFFRXQW IRU  RI WKH WRWDO ZDVWH GLVSRVDO PHWKRGV >@
6SHFLILF GLUHFWLYHV VXFK DV WKH (QG RI /LIH 9HKLFOH (/9
'LUHFWLYH(&VWLSXODWHVWKDWIURPRIWKH
(2/ YHKLFOH ZDVWH QHHGV WR EH UHF\FOHG >@ 7LJKWHQLQJ
OHJLVODWLRQ FRPELQHG ZLWK GLVSRVDO SHQDOWLHV DQG EXVLQHVV
RSSRUWXQLWLHV LV GULYLQJ UHVHDUFK LQWR FRPSRVLWH UHF\FOLQJ
WHFKQRORJ\ 7KXV UHF\FOLQJ RI FRPSRVLWH ZDVWH LV FUXFLDOO\
QHHGHG WR DGGUHVV WKH OHJDF\ RI FRPSRVLWH ZDVWH &DSWXULQJ
WKHGHPDQGDQGZDVWH IORZ LQQDWLRQDODQGJOREDOFRPSRVLWH
VXSSO\ FKDLQ ZLOO HQDEOH D EHWWHU XQGHUVWDQGLQJ RI WKH
SUREOHP5HVRXUFHUHFRYHU\WHFKQRORJLHVDQGV\VWHPVWKDWFDQ
SURYLGHHFRQRPLFHQYLURQPHQWDODQGVRFLDODGYDQWDJHV QHHG
WREHGHYHORSHG
 6DQNH\GLDJUDPV
7KH6DQNH\GLDJUDPZDVLQWURGXFHGE\5LDOO6DQNH\ZKR
XVHG LW IRU WKH ILUVW WLPH LQ WR VKRZ WKHHQHUJ\ IORZ LQ
VWHDP HQJLQHV KHQFH HQDEOLQJ HVWLPDWLRQ RI KHDW ORVVHV DQG
HIILFLHQF\>@ ,QD6DQNH\GLDJUDPTXDQWLWDWLYH LQIRUPDWLRQ
LVLQGLFDWHGE\ZLGWKRUWKLFNQHVVRIWKHOLQHZKLOHWKHDUURZ
GLUHFWLRQVKRZVWKHUHODWLRQVKLSEHWZHHQSURFHVVHV,QD
1REHO/DXUHDWH:DVVLO\/HRQWLHI XVHG WKH6DQNH\GLDJUDPV
WR UHSUHVHQWPRQH\ DQG JRRGV IORZ EHWZHHQ YDULRXV VHFWRUV
ZLWKLQDQDWLRQDOHFRQRP\>@
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,Q UHFHQW \HDUV 6DQNH\ GLDJUDPV KDYH EHHQ XVHG DV D
YLVXDO UHSUHVHQWDWLRQ IRU PDWHULDO UHVRXUFHV $OOZRRG HW DO
>@DSSOLHGWKHDSSURDFKWRFDSWXUHJOREDO IORZRIVWHHODQG
DOXPLQXP 7KH JURXS IXUWKHU XVHG 6DQNH\ GLDJUDPV IRU D
JOREDO PDS RI HQHUJ\ FRQYHUVLRQ HIILFLHQF\ IURP HQHUJ\
VRXUFHV WR XVHIXO HQHUJ\ >@ 6DQNH\ GLDJUDPV KDYH EHHQ
UHSRUWHG WR EH XVHIXO LQ GHWHFWLQJ UHVRXUFH VXSSO\ ULVN DQG
FRPPXQLFDWLQJLQIRUPDWLRQWRWKHSXEOLFRUWDUJHWJURXSV>@
DQGGHFLVLRQPDNHUV
 5HVHDUFK0RWLYDWLRQ
,W LVFOHDUIURPPDUNHWVWDWLVWLFVWKDWFRPSRVLWHGHPDQGLV
LQFUHDVLQJ DQG DVVRFLDWHG SURGXFWLRQ DQG HQG RI OLIH ZDVWH
LVVXHV QHHG WR EH DGGUHVVHG 7R GDWH QR DWWHPSW RI
UHSUHVHQWLQJDQGYLVXDOLVLQJFRPSRVLWHPDWHULDOUHVRXUFHVIRU
LQGXVWU\ DQG SROLF\ PDNHUV DWWHQWLRQ DQG DFDGHPLF SXUSRVH
KDV EHHQPDGH 6DQNH\ GLDJUDPV IRU FDUERQ DQG JODVV ILEUH
UHLQIRUFHGSRO\PHU&)53DQG*)53FRPSRVLWHDUHUHTXLUHG
LQ RUGHU WR XQGHUVWDQG DQG PDQDJH FRPSRVLWH ZDVWH IORZV
7KHPRWLYDWLRQ IRU WKLVZRUN ZDV WR GHYHORS VXFK GLDJUDPV
DQG H[SORUH HFRQRPLF DQG HQYLURQPHQWDO SRWHQWLDO IRU
FRPSRVLWHUHF\FOLQJ

2. Analysis of UK Composite Data 
 &DUERQDQGJODVVILEUHFRPSRVLWHLQ8.VXSSO\FKDLQ
7KH ODWHVW SXEOLF UHSRUW RQ WKH 8. FDUERQ ILEUH VXSSO\
FKDLQGDWDZDVSXEOLVKHGLQE\1HW&RPSRVLWHV8.>@
)RU WKH SXUSRVHV RI WKLV SDSHU WKLV LQIRUPDWLRQ LV H[WUDFWHG
DQG LOOXVWUDWHG LQ D 6DQNH\ GLDJUDP DV VKRZQ LQ )LJXUH 
7KLVGHPRQVWUDWHVFDUERQILEUHEDVHGFRPSRVLWHPDWHULDOIURP
SULPDU\SURGXFWLRQDQGPDQXIDFWXULQJVWDJHV WKURXJK WRHQG
SURGXFWV 7KH LQIRUPDWLRQ LV VXSSOHPHQW E\ LQGXVWU\ VHFWRU
GDWD IURP (UQVW 	 <RXQJ >@ LQVHUWHG RQ WKH ERWWRP ULJKW
KDQG VLGH LQ)LJXUH 7KH ODUJHVW&)53 UHODWHG LPSRUW LQWR
WKH 8. LV FDUERQ ILEUH LQ WKH IRUP RI FRQWLQXRXV ILODPHQW
ZKLFK LV UHSUHVHQWHG E\ WKH WKLFNHVW DUURZ LQ )LJXUH  OHIW
KDQGVLGH:KLOHWKHODUJHVWH[SRUWVDUHXQLGLUHFWLRQDO8'
DQGIDEULFVEDVHGSUHSUHJIRUPV$FFRUGLQJWR(UQVW	<RXQJ
>@ LQ WKHDHURVSDFHDQGZLQGHQHUJ\VHFWRUVZHUH WKH
PDMRUXVHUVRI&)53ZLWKPRUH WKDQGRXEOH WKHDXWRPRWLYH
GHPDQG
(UQVW	<RXQJ RQ EHKDOI RI 8QLWHG.LQJGRP 7UDGH DQG
,QYHVWPHQW 8.7, DQG WKH 'HSDUWPHQW RI %XVLQHVV
,QQRYDWLRQDQG6NLOOV %,6SURGXFHGGDWDDQGSURMHFWLRQRI
YROXPHVRIFRPSRVLWHDQGPRQHWDU\YDOXHRIFRPSRVLWHV  LQ
WKH 8. IRU   DQG  >@ 7KLV GDWD IRU
DHURVSDFH DXWRPRWLYH ZLQG DQG RWKHU VHFWRUV LV LOOXVWUDWHG
VHSDUDWHO\IRU&)53DQG*)53LQ)LJXUHDQGUHVSHFWLYHO\
,Q WKLV FRQWH[W WKH WHUP µRWKHU¶ VHFWRUV FRYHUHG PDULQH
FRQVWUXFWLRQFRQVXPHUDQGVSRUWLQJJRRGVDQGRWKHUVPDOOHU
FRQWULEXWRUV)RUWKHSXUSRVHRIWKLVSDSHUWKHYROXPHLQWKLV
VHFWRUZDVHVWLPDWHGEDVHGRQWKHUHSRUWHGSURGXFWLRQYDOXH
%RWK )LJXUHV  DQG  SURMHFW JURZWK IURP  WR  LQ
&)53 DQG *)53 GHPDQG LQ ZLQG HQHUJ\ DXWRPRWLYH DQG
µRWKHU¶ VHFWRUV UHVSHFWLYHO\ )URPERWK)LJXUHV  DQG  LW LV
FOHDUWKDWWKHZLQGHQHUJ\LQGXVWU\ LVSUHGLFWHGWRH[SHULHQFH
WKH ODUJHVW GHPDQG LQFUHPHQWV IURP  WR  7KLV LV
DWWULEXWDEOH WR WKH LQFUHDVHG LQYHVWPHQW LQ RIIVKRUH ZLQG
WXUELQHE\ WKH8.JRYHUQPHQW ,Q DGGLWLRQ GHVLJQRI ODUJHU
WXUELQH EODGHV UHTXLUHV PRUH FRPSRVLWH PDWHULDO >@
:KLOH WKH PDLQ FRPSRVLWH FRQVWLWXHQWV IRU VKRUW EODGHV DUH
*)53&)53LVQHHGHGLQ ORQJHUEODGHVWRLPSURYHVWLIIQHVV
WRVWUHQJWKUDWLR>@
,Q)LJXUHVDQGLWLVFOHDUWKDWWKHYROXPHRI*)53LVIDU
ODUJHU LQ µRWKHU¶ VHFWRUV LQFRPSDULVRQ WR WKHYROXPHV LQ WKH
LQGLYLGXDOVHFWRUVRIDHURVSDFHZLQGDQGDXWRPRWLYH7KLVLV
GXH WR WKHKLJKYROXPHRI*)53 LQ FRQVWUXFWLRQDQGPDULQH
LQGXVWULHV7KLVKXJHGHPDQGSUHVHQWVRSSRUWXQLWLHVIRUFURVV
VHFWRUXVHRI UHF\FODWH WREHXWLOLVHG IURP WKH DHURVSDFH DQG
DXWRPRWLYH VHFWRUV LQWR FRQVWUXFWLRQ DQG PDULQH EXVLQHVVHV
,Q )LJXUH  LQ WKH FDWHJRU\ µRWKHU¶ VHFWRUV WKH PDLQ
FRQWULEXWRU IRU &)53 LV IURP WKH VSRUWLQJ LQGXVWU\ ZKHUH
GHPDQG YROXPH LV H[WUHPHO\ ORZ FRPSDUHG WR WKH
FRQVWUXFWLRQDQGPDULQHLQGXVWULHV>@

)LJ8.&)536XSSO\&KDLQDGMXVWHGEDVHGRQGDWDDGDSWHGIURP(UQVW	<RXQJ>@DQG1HW&RPSRVLWHV8.>@
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

)LJ3DVWDQGSURMHFWHGJURZWKE\VHFWRU±&)53LQWKH8.WRQQHV>@

)LJ3DVWDQGSURMHFWHGJURZWKE\VHFWRU±*)53LQWKH8.WRQQHV>@
 &DUERQDQGJODVVILEUHFRPSRVLWHZDVWHLQ8.
7KHPHWKRGRORJ\IRUHVWLPDWLRQRI8.ZDVWHZDVEDVHGRQ
8.&)53 DQG*)53ZDVWH LQIRUPDWLRQZKHUH GDWD H[LVWHG
7KLVZDV VXSSOHPHQWHGE\DQHVWLPDWLRQRI WKH8.VKDUHRI
(XURSHDQFRPSRVLWHZDVWHGDWD
)RU*)53ZDVWH -RE >@HVWLPDWHG WKDW(2/ZDVWHZDV
EHWZHHQ  WRQQHV IRU WKH \HDU  %\ WDNLQJ
SURGXFWLRQ VFUDS DV  >@ PDQXIDFWXULQJ ZDVWH LQ 
ZDV HVWLPDWHG WREH DURXQG WRQQHV ,W LV HVWLPDWHG WKDW
WKHUHDUHDERXWWRQQHVRI*)53ZDVWHLQ%DLQV
DQG6WRNHV>@IRUHFDVWWKDW*)53(2/ZDVWHZLOOLQFUHDVHWR
 WRQQHV LQ  %\ DVVXPLQJ D OLQHDU LQWHUSRODWLRQ
IRU(2/ZDVWHEHWZHHQDQGDQGSURGXFWLRQ
VFUDS *)53 ZDVWH VFHQDULR EHWZHHQ  DQG  ZDV
HVWLPDWHGDQGSURMHFWHG
,Q&)53SURGXFWLRQ LQ(XURSHZDVHVWLPDWHG WREH
 WRQQHVZKLFKZDVEDVHGRQ WKHJOREDO&)53YROXPH
 WRQQHVDQGD(XURSHDQVKDUH >@ ,WZDV
UHSRUWHGWKDWYROXPHRIZDVWHLVJHQHUDWHGLQSURGXFWLRQ
>@ 7KLV LV GXH WR KLJK VFUDS UDWH LQ SUHSUHJ SURFHVVLQJ
ZKLFKLVWKHPRVWXVHGIRUPRIFDUERQILEUH7KHVFUDSLVIURP
RIIFXWVZKHQFXWWLQJSOLHVRXWGDWHGSUHSUHJDQGXQDYRLGDEOH
WULPV%\DSSO\LQJWKLVSHUFHQWDJHWRLQIRUPDWLRQLQ)LJXUH
PDQXIDFWXULQJ ZDVWH EHWZHHQ  DQG  FDQ EH
SURMHFWHG-RE>@HVWLPDWHGWKHWRWDO8.&)53ZDVWHWREH
DERXW  WRQQHV LQ  %\ WDNLQJ WKH DVVXPSWLRQ RI D
 LQFUHPHQW DQQXDOO\ IRU (2/ ZDVWH DQG  RI
SURGXFWLRQVFUDS WKHWRWDO&)53ZDVWHZDVSURMHFWHGIRUWKH
\HDUV  DQG  &RPELQLQJ WKH DERYH LQIRUPDWLRQ D
6DQNH\ GLDJUDP RQ SDVW DQG SURMHFWHG 8. )53 FRPSRVLWH
ZDVWH LV SUHVHQWHG LQ )LJXUH  :DVWH IRU ERWK &)53 DQG
*)53 FRPSRVLWH LQFUHDVHV IURP  WR  7KLV FDQ EH
DWWULEXWHG WR ULVH LQ GHPDQG ZKLFK LQFUHDVHV PDQXIDFWXULQJ
RIIFXWVEHVLGHVUHWLUHPHQWRIFRPSRVLWHSURGXFWV)URP)LJXUH
LWFDQEHVHHQWKDW*)53GRPLQDWHVWKHWRWDOZDVWHYROXPH


)LJ3DVWDQGSURMHFWHG8.*)53DQG&)53SURGXFWLRQ
DQGZDVWHYROXPHWRQQHV
7KH ZDVWH YROXPH VKRZQ LQ )LJXUH  GRHV QRW RQO\
UHSUHVHQW ORVW PDWHULDO DQG YDOXH EXW WKH VLJQLILFDQW HQHUJ\
WKDWKDVEHHQHPERGLHGLQWKHPDWHULDOV7DNLQJLQWRDFFRXQW
WKDWRI(2/DQGPDQXIDFWXULQJFRPSRVLWHZDVWHLVVHQW
WRODQGILOO)LJXUHVKRZVWKHHTXLYDOHQWHQHUJ\HPERGLHGLQ
FRPSRVLWH (2/ ZDVWH FRQVLGHULQJ 8. ZDVWH VFHQDULR LQ
3ULPDU\HPERGLHGHQHUJ\RISURGXFWLRQIRU&)53DQG
*)53ZDV DFTXLUHG IURP&(6(GX3DFN 6RIWZDUH >@ 7KH
DYHUDJH RI HPERGLHG HQHUJ\ RI SULPDU\ SURGXFWLRQZDV 
0-NJ IRU&)53DQG 0-NJ IRU*)53 'HVSLWHKDYLQJ
ORZHU HPERGLHG HQHUJ\ WKH KXJH YROXPH RI *)53 ZDVWH
PHDQV WKDW WKH LQYHVWPHQW ORVV LQ HPERGLHG HQHUJ\ LV YHU\
KLJK IRU *)53 7KXV UHVRXUFH HIILFLHQW UHF\FOLQJ RI *)53
QHHGV WR EH DGGUHVVHG IRUPDWHULDO UHFRYHU\ HQHUJ\ GHPDQG
UHGXFWLRQ DQG WR UHGXFH WKH HQYLURQPHQWDO EXUGHQ RI
FRPSRVLWH XVDJH 7KH KLJK XQLW YDOXH RI &)53 DOVR PHDQV
WKDW WKHUH DUH JUHDWHU HFRQRPLF RSSRUWXQLWLHV IRU &)53
UHF\FOLQJ DQG ODUJHU JOREDO HQYLURQPHQWDO EHQHILWV LQ
UHF\FOLQJ*)53

 &RPSRVLWH5HF\FOLQJ3URFHVVHV
7KHPDLQFRPSRVLWHUHF\FOLQJPHWKRGVFDQEHFDWHJRULVHG
LQWRJURXSVRIPHFKDQLFDOWKHUPDODQGFKHPLFDO
0HFKDQLFDOUHF\FOLQJLQYROYHVUHGXFLQJVL]HRIFRPSRVLWHV
LQWR SRZGHU DQG ILEURXV IUDFWLRQV *HQHUDOO\ WKH SURFHVV LV
FRQGXFWHG LQ WKUHH VWDJHV QDPHO\ VKUHGGLQJ LQWR VL]H RI 
 PP PLOO JULQGLQJ IURP PLFURQV WR  PP DQG
FODVVLILFDWLRQV >@ 7KH UHF\FODWHV KDYH SRWHQWLDO WR EH
LQFRUSRUDWHG LQ PDQXIDFWXULQJ QHZ SURGXFWV DV ILOOHUV RU
UHLQIRUFHPHQWV
7KH WKHUPDO JURXS RI FRPSRVLWH UHF\FOLQJ SURFHVVHV
FRQVLVWV RI IOXLGLVHGEHGSURFHVV FRQYHQWLRQDO S\URO\VLV DQG
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
)LJ(PERGLHGHQHUJ\7-ORVVGXHWRORZUHF\FOLQJXSWDNHEDVHGRQ8.
)53ZDVWHLQ
PLFURZDYH S\URO\VLV 7KH IOXLGLVHG EHG KDV FDSDELOLW\ RI
SURFHVVLQJ FRQWDPLQDWHG RU D PL[WXUH RI ZDVWH PDWHULDOV LQ
WKH IHHG >@ 2UJDQLF SDUWV RI WKH FRQWDPLQDQWV DUH
FRPEXVWHGIRUHQHUJ\ZKLOHLQRUJDQLFOHIWRYHUZLOOUHPDLQRQ
D VLOLFD VDQG EHG 3\URO\VLV XVHV H[WHUQDO KHDW LQ DQ LQHUW
DWPRVSKHUH WR GHFRPSRVH WKH RUJDQLF SDUW RI FRPSRVLWH
PDWHULDOV LQWR ORZ PROHFXODU SURGXFWV VHSDUDWLQJ LW IURP
LQRUJDQLFFRQVWLWXHQWVVXFKDVILEUHDQGILOOHUV7KHRSWLPXP
RSHUDWLQJ WHPSHUDWXUH LVDURXQG°&>@*UHDWHU
SURFHVVWHPSHUDWXUHOHDGVWRKLJKILEUHVWUHQJWKGHJUDGDWLRQ
,Q PLFURZDYH S\URO\VLV WKH YROXPHWULF KHDWLQJ RI
PLFURZDYH LV XVHG WR KHDW PDWHULDOV FRPSDUHG WR QRUPDO
KHDWLQJ LQ FRQYHQWLRQDO S\URO\VLV7KHPLFURZDYH KHDWLQJ LV
IDVWHU DQGPRUH HQHUJ\ HIILFLHQW  %HWWHU UHWHQWLRQ RI FDUERQ
ILEUH VWUHQJWKZDV UHSRUWHGZKHQ XVLQJPLFURZDYHS\URO\VLV
FRPSDUHGWRIOXLGLVHGEHGPHWKRG>@
&KHPLFDO EDVHG UHF\FOLQJ XVHV VROYHQWV VXFK DV ZDWHU
DOFRKRO RU DFLG WR EUHDN FKHPLFDO ERQGV RI PDWUL[ LQ ILEUH
UHLQIRUFHG FRPSRVLWHPDWHULDOV >@  7KHPHWKRG LV DEOH WR
UHFRYHU ORQJ ILEUHV UHVLQ IUHH ILEUH VXUIDFHVDQG HQDEOHKLJK
UHWHQWLRQRIILEUHSURSHUWLHV
+RZHYHU WKH FKHPLFDO UHF\FOLQJ KDV RQO\ EHHQ
LQYHVWLJDWHG WKURXJK SLORW VFDOH H[SHULPHQWV LQ OLWHUDWXUH
2SHUDWLRQV DW D FRPPHUFLDO OHYHO DUH VWLOO XQGHU GHYHORSHG
$W SUHVHQW WZR SURFHVVHV FDQ EH XVHG FRPPHUFLDOO\ IRU
UHF\FOLQJ FRPSRVLWHV WKHVH DUH PHFKDQLFDO UHF\FOLQJ DQG
S\URO\VLV

 (QHUJ\DQGFDUERQHPLVVLRQDYRLGHGLQWKURXJK
UHF\FOLQJ
$FFRUGLQJ WR +RZDUWK HW DO >@ HQHUJ\ GHPDQG WR
PHFKDQLFDOO\ UHF\FOH&)53ZDV HYDOXDWHG WREH0-NJ
DW  NJ SHU KRXU SURFHVVLQJ UDWH )RU S\URO\VLV SURFHVV LQ
&)53UHF\FOLQJDQDYHUDJHYDOXHRI0-NJZDVWDNHQDV
HQHUJ\GHPDQGLQS\URO\VLQJ&)537KLVYDOXHZDVREWDLQHG
E\FRQVLGHULQJLQIRUPDWLRQIURP&DUEHUU\>@0-NJ
6RQJHWDO>@0-NJDQG:LWLNHWDO>@0-NJ
$ IHDVLELOLW\ VWXG\ RQ PLFURZDYH S\URO\VLV RI &)53 ZDV
FRQGXFWHGE\/HVWHUHWDO>@DQGHQHUJ\ZDVHVWLPDWHGWREH
0-NJ>@
$EDUFKDUW)LJXUHVKRZVFRPSDULVRQRIHQHUJ\LQWHQVLW\
EHWZHHQ HPERGLHG HQHUJ\ LQ SULPDU\ SURGXFWLRQ
PDQXIDFWXULQJ VWDJH DQG UHF\FOLQJ WHFKQLTXHV RI &)53 $V
VKRZQLQ)LJXUHWKHSURFHVVHQHUJ\GHPDQGIRUPHFKDQLFDO
DQG S\URO\VLV UHF\FOLQJ DUH UHODWLYHO\ VPDOO FRPSDUHG WR
HPERGLHGHQHUJ\LQSULPDU\SURGXFWLRQRIWKHYLUJLQPDWHULDO
7KHPDQXIDFWXULQJSURFHVVHVVXFKDVUHVLQWUDQVIHUPRXOGLQJ
DUH DOVR QRW DV HQHUJ\ LQWHQVLYH ZKHQ FRPSDUHG WR WKH
HPERGLHGHQHUJ\LQILEUHDQGPDWUL[SURGXFWLRQ>@,QGHHG
HYHQWKHVKUHGGLQJSURFHVVLVQRWDVHQHUJ\ LQWHQVLYHDV WKLV
ZDV UHSRUWHG WR EH DERXW  0-NJ >@ 7KLV VWURQJO\
VXJJHVWVWKDWDQRSSRUWXQLW\WRDGGUHVVKLJKHQHUJ\GHPDQGLQ
SURGXFLQJ YLUJLQ FRPSRVLWH PDWHULDOV LV WR VXEVWLWXWH VRPH
PDWHULDOGHPDQGE\SURPRWLQJVLJQLILFDQWUHF\FOLQJDFWLYLWLHV
6LQFHWKHHQHUJ\LQWHQVLW\LQWKHPHFKDQLFDOUHF\FOLQJSURFHVV
FDQ EH UHGXFHG DW KLJKHU UHF\FOLQJ UDWH >@ WKHUH DUH HYHQ
ODUJHUJDLQVWREHUHDOLVHGLQODUJHVFDOHUHF\FOLQJIDFLOLWLHV
$Q DGGHG DGYDQWDJH RI WKHUPDO SURFHVVHV VXFK DV
FRQYHQWLRQDO DQG PLFURZDYH S\URO\VLV LV WKH DELOLW\ WR
UHFRYHUHQHUJ\ IURP OLTXLGRUJDVSURGXFWV ,Q&XQOLIIHHW DO
>@ S\URO\VLV RI FDUERQ ILEUH UHLQIRUFHG HSR[\ DW  °&
VXFFHVVIXOO\ \LHOGHG DURXQG  RI SURGXFWV DV S\URO\VLV
RLO 7KH RLO ZDV HVWLPDWHG WR KDYH D FDORULILF YDOXH DURXQG
0-NJ 7KLV HTXDWHV WR DERXW 0-NJ RI UHFRYHUHG
HQHUJ\ WKURXJKRLODQG LV VKRZQDVDQHQHUJ\JDLQQHJDWLYH
YDOXH LQ )LJXUH  %\ DSSO\LQJ UHF\FOLQJ UDWHV DV VKRZQ LQ
)LJXUH  IRU &)53 XVLQJ S\URO\VLV 0-NJ DQG XVLQJ
PHFKDQLFDOUHF\FOLQJIRU*)53DVVXPHGWREH0-NJD
WRWDO RI 7- RI HQHUJ\ GHPDQG IRU SURGXFLQJ QHZ YLUJLQ
PDWHULDOV FDQ EH DYRLGHG LQFOXGLQJ HQHUJ\ UHFRYHU\ IURP
S\URO\VLV 7KLV LV WKH FDVH EHFDXVH WKH HQHUJ\ UHTXLUHG IRU
S\URO\VLVUHF\FOLQJDQGWKHQUHPDQXIDFWXULQJLVOHVVWKDQ
RIWKHWRWDOHQHUJ\HPERGLHGLQYLUJLQ&)53PDWHULDOV


)LJ(QHUJ\LQWHQVLW\RISURGXFWLRQPDQXIDFWXULQJDQGUHF\FOLQJRI&)53
8VLQJ FRQYHQWLRQDO DQG PLFURZDYH S\URO\VLV RSHQV XS
QHZ EXVLQHVV RSSRUWXQLWLHV WR UHFRYHU HQHUJ\ IURP E\
SURGXFWV RI FRPSRVLWH UHF\FOLQJ DQG WKH SURVSHFW WR VHOI
VXVWDLQ WKH SURFHVV RU FKDQQHO LW IRU RWKHU LQGXVWULDO QHHGV
7KH DPRXQW RI HQHUJ\ WKDW FDQ EH UHFRYHUHG GHSHQGV RQ
RUJDQLFFRQWHQWWKHPDWUL[RI)53PDWHULDO7KHUHIRUHLWFDQ
EH H[SHFWHG WKDW UHF\FOLQJ )53 PDWHULDO ZLWK KLJK RUJDQLF
FRQWHQW FDQ JHQHUDWH PRUH HQHUJ\  ,W LV DOVR LQWHUHVWLQJ WR
QRWH WKDW WKH (8 'LUHFWLYH (& OLPLWV ODQGILOOLQJ RI
666   Norshah Aizat Shuaib et al. /  Procedia CIRP  29 ( 2015 )  662 – 667 
RUJDQLFPDWHULDO >@ 7KLV VKRZV WKDW XWLOLVLQJ WKH RUJDQLFV
FRQWHQWLQZDVWHPDWHULDOVLVDUHOHYDQWGULYHUIRUOHJLVODWLRQ

3. Discussion and Limitations 
7KHLQIRUPDWLRQRQUHVRXUFHVWHQGVWREHEDVHGRQPDUNHW
VXUYH\VZKHUH UHVRXUFH FRQVXPSWLRQ LV QRWPDQGDWRU\ WR EH
ORJJHG IRU UHFRUGV 7KH VXUYH\PD\ EH GRPLQDWHG E\PDMRU
SOD\HUV DQG H[FOXGHV VPDOOHU SOD\HUV RU QRW ZHOO SXEOLFLVHG
DFWRUV3URMHFWLRQVRI WKHGDWD WR UHSUHVHQW D QDWLRQ VWDWH DUH
WKXV EDVHG RQ DVVXPSWLRQV RI LQGXVWU\ SOD\HUV 6RPH RI WKH
VRXUFHVRQO\UHIOHFWPDMRUVXSSOLHUVEXWQRWVPDOODQGPHGLXP
HQWHUSULVHV60(VZKLFKFROOHFWLYHO\PD\SOD\DVLJQLILFDQW
UROH LQ WKH 8. 7KLV VXJJHVWV WKDW DFTXLVLWLRQ RI GDWD IRU
VWUDWHJLFDQGKLJKYDOXHPDWHULDOVVXFKDVFRPSRVLWHQHHGVWR
EHLQWHQVLILHGDQGFRRUGLQDWHG7KLVFDQEHH[HFXWHGWKURXJK
DQDWLRQDORIILFLDOFRPSRVLWHGDWDORJ
/DFNRIHQJDJHPHQWE\VRPHFRPSDQLHVLVDOVRDEDUULHULQ
PDNLQJ WKHHVWLPDWLRQVDVDFFXUDWHDVSRVVLEOH)RU LQVWDQFH
PDQ\ FDUERQ ILEUH VXSSOLHUV FKRRVH WR NHHS GHWDLOHGPDUNHW
LQWHOOLJHQFHWRWKHPVHOYHVDQGGRQRWDXWKRULVHSUHVHQWDWLRQRI
GDWD LQ WKH SXEOLF GRPDLQ >@ 7KLV OHDGV WR D VKRUWDJH RI
SXEOLFO\DFFHVVLEOHLQIRUPDWLRQDWWKHHQGRIWKHVXSSO\FKDLQ
6RPH RI WKH XQFHUWDLQWLHV DULVH IURP FRQIXVLQJ WHUPV DQG
EOXUUHG JHRJUDSKLFDO ERXQGDULHV ZKLFK DUH QRW VHOI
H[SODQDWRU\ 7KHVH JOLWFKHV DUH EDUULHUV LQ LQWHUSUHWLQJ
DYDLODEOHLQIRUPDWLRQDQGDVVHVVLQJWKHSUHFLVLRQRIGDWD
'LVFUHSDQFLHVRIZDVWHYROXPHHVWLPDWLRQEHWZHHQVRXUFHV
DUHUHDVRQDEOHDQGFDQEHH[SODLQHGE\GLIIHUHQWRSLQLRQDQG
DSSURDFKLQSUHGLFWLQJIXWXUHZDVWHVFHQDULRV)RULQVWDQFHD
ORZHUHVWLPDWLRQRIJOREDOFDUERQILEUHGHPDQGLQ%ODFN>@
LV GXH WR DQ RSLQLRQ WKDW LPSOHPHQWDWLRQ RI FDUERQ ILEUH LQ
DXWRPRWLYHLQGXVWULHVZLOORQO\WDNHSODFHLQWKHQH[WGHFDGH
0RUHRYHU D UDSLG JURZWK RI )53 SURGXFWV XVDJH DQG DQ
XQFHUWDLQDPRXQWRI UHWLUHGFRPPHUFLDO DHURSODQHVDQGZLQG
WXUELQHEODGHVPLJKWEH WKHUHDVRQ IRU WKHRYHUSUHGLFWLRQRI
ZDVWHYROXPHLQFHUWDLQVRXUFHV
$V WKH UHVHDUFK FRQWLQXHV WKH FHUWDLQW\ RI LQIRUPDWLRQ
LQFRUSRUDWHG LQ H[LVWLQJ 6DQNH\ GLDJUDPV FDQ EH IXUWKHU
LPSURYHG ,W LVDQWLFLSDWHG WKDW WKHHIIRUWVPDGH LQ WKLVVWXG\
FDQ OD\ D JRRG IRXQGDWLRQ LQ PDQLIHVWLQJ FRPSRVLWH ZDVWH
LVVXHV WKURXJK 6DQNH\ GLDJUDPV DQG SUHVHQWLQJ WKH QDWLRQDO
JUDQG FKDOOHQJHV LQ &)53 DQG *)53 FRPSRVLWH UHVRXUFH
HIILFLHQF\


4XDOLW\DQG$SSOLFDWLRQVRI5HF\FODWH

7KHUH LV FOHDU HYLGHQFH WKDW JUHDWHU HQHUJ\GHPDQGFRXOG
EHDYRLGHGE\PDQXIDFWXULQJYLUJLQPDWHULDO IURPFRPSRVLWH
ZDVWHDQG UHFRYHULQJFRPSRVLWHHQHUJ\EDFN LQWR WKH VXSSO\
FKDLQ,WKDVEHHQUHSRUWHGLQOLWHUDWXUHWKDWIOXLGLVHGEHG>@
PLFURZDYH S\URO\VLV >@ PHFKDQLFDO >@ FRQYHQWLRQDO
S\URO\VLV >@ DQG FKHPLFDO UHF\FOLQJ >@ FDQ UHWDLQ XS WR
    DQG  ILEUH WHQVLOH VWUHQJWK
UHVSHFWLYHO\
&RPSRVLWH UHPDQXIDFWXULQJ FDQ EH DFKLHYHG E\ XVLQJ
UHF\FODWHVLQSRWHQWLDOFURVVVHFWRUDSSOLFDWLRQV)RUH[DPSOH
LW LV UHSRUWHG WKDW DGGLQJ VKRUW UHF\FOHG JODVV ILEUHV LQ
PLFURFRQFUHWHPL[WXUHVFDQLQFUHDVHPHFKDQLFDOVWUHQJWKVXS
WR  >@ 5HSURFRYHU D FRPSDQ\ LQ %HOJLXP XVHV
UHFRYHUHG SURGXFWV IURP ILEHUJODVV DQG WKHUPRVHW ZDVWH WR
PDQXIDFWXUH FRYHUV IRU UDLOZD\ LQIUDVWUXFWXUH >@ $
FRPSRVLWH UHF\FOLQJ FRPSDQ\ LQ 8. (/* &DUERQ )LEUH
/LPLWHG LV FXUUHQWO\ DFWLYH LQ UHF\FOLQJ &)53 ZDVWH
FRPPHUFLDOO\ZLWKWRQQHVSHU\HDURIUHF\FOLQJFDSDFLW\
7KH FRPSDQ\ SURGXFHV UDQGRP ILEUH PDWV GLVFRQWLQXRXV
ILEUH\DUQVDQGSUHIRUPVIURPUHF\FOHGILEUHV)LORQ3URGXFWV
/LPLWHGXVHVPHFKDQLFDOO\JURXQG*)53DVDQDGGLWLYHILOOHUV
LQ WKHLU URRILQJSURGXFWV >@7KHVHH[DPSOHV VKRZ WKDW UH
XVLQJ UHF\FOHG FRPSRVLWH PDWHULDOV LQ FURVVVHFWRU
DSSOLFDWLRQVLVSRVVLEOHDQGFDQDOOHYLDWHWKHSUREOHPRIULVLQJ
JOREDOFRPSRVLWHZDVWH

4. Conclusions  
6SHFLILF ILQGLQJVRI WKLVSDSHUDUHGUDZQ LQ WKH IROORZLQJ
SRLQWV
x 6DQNH\GLDJUDPVDUH D XVHIXO YLVXDO DLG LQ VLPSOLI\LQJ
FRPSOH[ LQIRUPDWLRQ DQG LOOXVWUDWLQJ LQWHUUHODWLRQV
EHWZHHQ JURXSV RI GDWD LQ DQ XQGHUVWDQGDEOH ZD\ ,Q
FRPSRVLWH ZDVWH PDQDJHPHQW LW KHOSV LQ GHWHUPLQLQJ
ZKHUHDQGKRZUHVRXUFHVVKRXOGEHDOORFDWHG
x ,Q WKH 8. LW LV HVWLPDWHG WKDW WKHUH ZLOO EH FORVH WR
 WRQQHVDQGDURXQG WRQQHVRI&)53DQG
*)53ZLWKQHDUO\WRQQHVDQGDERXWWRQQHV
RIZDVWHYROXPHUHVSHFWLYHO\LQ
x 7KH PRQHWDU\ YDOXH RI UHFODLPHG &) FRPSRVLWHV LV D
VLJQLILFDQWGULYHU IRUGHYHORSLQJ&)53UHF\FOLQJZKLOH
WKH ODUJH YROXPH RI *)53 PHDQV WKDW PDMRU
HQYLURQPHQWDO JDLQV LQ WHUPV RI HQHUJ\ DYRLGHG LQ
PDQXIDFWXULQJ QHZ YLUJLQ ILEUHV DQG PDWUL[ DUH DQ
RSSRUWXQLW\IRULWVUHF\FOLQJ
x %\  WKH SURMHFWHG HQHUJ\ HPERGLHG LQ &)53 DQG
*)53 FRPSRVLWH ZDVWH LQ WKH8.ZLOO EH FORVH WR 
7:KUDQG7:KUUHVSHFWLYHO\7KLVLQYHVWPHQWFRXOG
EH EHWWHU XWLOLVHG E\ UHFRYHU\ RI FRPSRVLWH PDWHULDOV
XVLQJWKHOHVVHQHUJ\LQWHQVLYHUHF\FOLQJSURFHVVHV
x 0DQXIDFWXUH RI WXUELQH EODGHV IRU ZLQG HQHUJ\ LV
SUHGLFWHG WR VKRZDPDMRUJURZWK LQ&)53DQG*)53
7HFKQRORJLHV DUH UHTXLUHG IRU GLVDVVHPEO\ GRZQVL]LQJ
DQGUHF\FOLQJRIWKHDVVRFLDWHGFRPSRVLWHPDWHULDOV
x 3\URO\VLV LV RQH RI WKH FRPPHUFLDO SURFHVVHV IRU
UHF\FOLQJFRPSRVLWHVLQWKH8.7KHHQHUJ\UHTXLUHGIRU
S\URO\VLVUHF\FOLQJRI&)53DQGWKHQUHPDQXIDFWXULQJLV
OHVV WKDQ  RI WKH WRWDO HQHUJ\ HPERGLHG LQ YLUJLQ
&)53 PDWHULDOV 7KXV WKHUH DUH PDMRU HQYLURQPHQW
EHQHILWVRIXVLQJUHF\FOHGILEUHVWRDYRLGDSRUWLRQRIWKH
KLJKHQHUJ\GHPDQGLQPDQXIDFWXULQJYLUJLQPDWHULDOV
x 7KHGLIIHUHQWUHF\FOLQJSURFHVVHVUHWDLQDVLJQLILFDQWSDUW
RI WKH PHFKDQLFDO VWUHQJWKV RI WKH ILEUHV &RPPRQ
DSSOLFDWLRQV LQYROYH FURVVVHFWRU XVH RI UHF\FOHG
PDWHULDOV
x 7KHUH DUH RSSRUWXQLWLHV IRU XVLQJ PLFURZDYH DQG
FRQYHQWLRQDOS\URO\VLVWRJHQHUDWHRLODQGKHQFHHQHUJ\
VRXUFHIURPFRPSRVLWHUHF\FOLQJ
667 Norshah Aizat Shuaib et al. /  Procedia CIRP  29 ( 2015 )  662 – 667 
x 7KH 6DQNH\ GLDJUDPV SUHVHQWHG KHUH ZLOO QHHG WR EH
XSGDWHG WR SURMHFW GHPDQG EH\RQG  DQG UHILQHG LI
QHZGDWDDQGVLJQLILFDQWPDUNHWSOD\HUVDUHLGHQWLILHGLQ
WKH LQWHULP SHULRG 7KH (UQVW 	 <RXQJ GDWD WKDW WKLV
ZRUNLVEXLOWRQ LVDFFHSWHGE\WKH8.JRYHUQPHQWDQG
LVDUHSXWDEOHVRXUFH
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